Purpose: The purpose of this study was to perform three-dimensional (3D) assessment of facial soft tissue in patients with skeletal Class III and mandibular asymmetry after orthognathic surgery. Methods: Samples consisted of 3D facial images obtained from five patients with A point-nasion-B point angle less than 2 degrees, and more than 5 mm of menton deviation. All patients had been treated at Gangneung-Wonju National University Dental Hospital from 2009 to 2012. They had undergone orthognathic surgery of Lefort I, and sagittal split osteotomy for correction of skeletal deformity, and orthodontic treatment. Facial scanning was performed before treatment (T1) and post-surgical orthodontic treatment (T2). Linear and angle variables of soft tissue landmarks, antero-posterior facial depth, and facial volume were measured. Results: No significant differences in width of the alar base, mouth width, and nasal canting were observed between T1 and T2. However, lip deviation, menton deviation, alar canting, lip canting, and menton deviation angle were significantly reduced at T2. Antero-posterior facial depth on the axial plane parallel to the left cheilion was significantly reduced on the deviated side and significantly increased on the non-deviated side at T2. Volume of the lower lateral and lower medial parts of the face was reduced on the deviated side, and volume of upper lateral and lower lateral parts on the non-deviated side was significantly increased at T2. Conclusion: After orthognathic surgery, facial asymmetry of soft tissue was improved following skeletal changes, especially the mandibular region. Although the length of the alar base and mouth width did not change, lip and soft tissue menton were displaced to the medial side after treatment. Facial depth also became symmetric after treatment. Facial volume showed a decrease on the lower part of the deviated side and that on lateral parts of the non-deviated side showed an increase after treatment.
Introduction
The profile of facial soft tissue could be changed by orthodontic treatment or orthognathic surgery. Especially in patients with skeletal deformity and asymmetry, facial soft tissue after orthognathic surgery is definitely different from that of before treatment. Conventionally, facial soft tissue has been evaluated by cephalograms or photographs taken from frontal or sagittal views, from that, only the facial profile projected on a two-dimensional plane can be detected [1] . These methods have limitations for assessment of soft tissue that changes with complexity and three-dimensionally [2] .
Several techniques [3] [4] [5] [6] [7] [8] , such as three-dimensional (3D) photogrammetry, laser surface scanning, and cone-beam computed tomography (CBCT), have been developed for 3D analysis of soft-tissue. However, patients' heads are usually held with a strap on the forehead or a chin support, or patients are lying down when taking CBCT, which causes deformation of soft tissue of the forehead, chin, or lips.
On the other hand, the 3D surface scanning system is noninvasive to patients, and is an alternative for generation of 3D computerized images providing 3D information on soft tissue without deformity on the forehead, chin, or lips by a strap or chin support.
3D analysis of facial soft tissue has been attempted in patients who had undergone maxillofacial surgery [6, [9] [10] [11] .
Soncul and Bamber [6] evaluated facial soft tissue of patients with skeletal Class III and dentoskeletal deformity after orthognathic surgery; however, facial symmetry was not assessed. Hajeer et al. [9] , Sforza et al. [10, 11] analyzed symmetry of facial soft tissue after surgery with mirror image or evaluated the linear and angular variables on the coronal plane.
Few previous studies evaluating the symmetry of facial soft tissue after orthognathic surgery in 3D planes and the effect of skeletal movement on the maxillary and mandibular facial soft tissue have been reported. The purpose of this study was to perform 3D assessment of facial soft tissue in patients with skeletal Class III and mandibular asymmetry after orthodontic and orthognathic surgery.
Materials and Methods

Patients
Samples consisted of 3D facial images obtained from five patients (two females, three males) with skeletal Class III and moderate to severe asymmetry in the mandible.
All patients had been treated at Gangneung-Wonju National 
Three-dimensional facial scanning
Facial scanning was performed at T1 and T2 using a for superimposition and measurement.
The 3D facial images at T1 and T2 were initially super- 
Measurements on three-dimensional facial images
As shown in 
Results
Although the width of the alar base showed a significant increase on the deviated side at T2, no significant difference in the width of the alar base on the non-deviated side and mouth width on the deviated and non-deviated sides was observed between T1 and T2. Mean of upper and lower lip deviation was 1.7 mm and 4.4 mm at T1 and showed a significant decrease at T2 as 0.7 mm, 1.6 mm.
Menton deviation also showed a definite reduction at T2, from 10.2 to 2.9 mm (Table 3) . Nasal canting was close to zero at T1 and T2. The other angular measurements of alar canting, lip canting, and menton deviation angle showed a significant decrease at T2. However, lip canting and menton deviation angle was 1.1 o and 2.0 o at T2, which means that facial asymmetry had still left to the deviated side (Table 4) . Antero-posterior facial depth on the plane A center showed a significant increase at T2, while no significant difference in depth on the deviated side and non-deviated side was observed between T1 and T2. On plane B, antero-posterior depth showed a decrease on the deviated side and that on the non-deviated side showed a significant increase ( Table 5) .
Volumes of UL and UM at T1 were not significantly different from those at T2, except UL on the non-deviated side, Positive value indicates that volume on the deviated side is larger than that on the non-deviated side. T1, before treatment; T2, after treatment. which showed an increase at T2. On the other hand, LL
and LM showed definite change in volume at T2. Volume of LL and LM showed a decrease on the deviated side, and that on the LL on the non-deviated side showed a significant increase at T2. In addition, volumetric difference between the deviated and non-deviated side was reduced at T2 on the LL and LM (Table 6 ). Asymmetry index shown in Table 7 indicates volumetric differences between deviated and non-deviated sides. Asymmetry index of LL was 34.5%, which was the largest at T1 and it was 8.4% at T2. Asymmetry index of UM was near zero at T1 and T2.
All indexes were less than 10% at T2.
Discussion
The focus of this study was on evaluation of asymmetry in facial soft tissue, so that patients with severe facial asymmetry who had undergone bimaxillary orthognathic surgery for correction of canting of maxilla and mandibular deformity were included. Asymmetry of facial soft tissue before and after orthognathic surgery was evaluated quantitatively and three-dimensionally by measuring the linear and angular variables on the coronal plane, facial depth on the axial plane, and volume of facial soft tissue.
Mean of sella-nasion-A point angle increased by approximately 1 o after treatment, meaning that the maxilla was advanced by Lefort I orthognathic surgery. This may result in the tendency of increasing the alar base width and facial depth near the subnasale after treatment (Table 3, 5) .
Contrary to alar base width, mouth width was maintained.
Although most angular variables assessing symmetry of soft tissue showed definite improvement after treatment, asymmetry had still been left to the deviated side. Deviation of the lower lip and menton had been left and lip canting was also observed after treatment. Of particular interest, menton was deviated by 3.4 mm on postero-anterior cephalograms after treatment, and soft tissue menton was also deviated by approximately 2.9 mm on 3D images. In the current study, soft tissue was likely to follow skeletal movement with the ratio of almost 85%, which was similar to those of other reports of 88% [13] and 84% [14] . Although The 3D geometry of facial soft tissue was divided into upper and lower parts of lips, as they are thought to be susceptible to maxillary and mandibular movements, respectively. As expected, facial volume was decreased on the deviated side and increased on the non-deviated side, and soft tissue became symmetric after treatment.
Although the volume of the UL region on the non-deviated side increased after treatment, volumetric change was not considerable on the upper region. The LL part of facial soft tissue displaced most sensitively to the orthognathic surgery with the asymmetry index of 34.5%.
In the current study, the linear and angular variables were selected as the variables relating to the facial asymmetry reported in other studies [12, 15] . It may be that they assessed skeletal Class III patients;
however, in our study, more severe asymmetry was observed in patients whose maxilla was expected to move more after surgery. In the current study, the reference plane for the coordinate system was modified from another report [18] . The posterior and bilateral sagittal boundary planes of the 3D geometry were 40 mm apart from the orbitale, because one fourth of transverse width and half of the antero-posterior depth (nasion-tragus) were approximately 40 mm in Korean adults with normal occlusion [12] .
Conclusion
3D assessment of asymmetry of facial soft tissue was performed successfully using the 3D surface scanning system. After orthognathic surgery, facial asymmetry of soft 
